Abstract. CSCW applications require availability, portability, familiarity, scalability, bandwidth and performance. This paper describes the use of Web-multicasting to address these issues. Web-multicasting is a concept that use a standard Web-browser to communicate between multiusers. The web-browser will use multicasting methods, so that no Web server is necessary needed. A prototype Web-multicast Chat System has been developed to test the capability and suitability of Web-multicasting to support collaborative work on web. The prototype was developed using the Java language. The system was implemented using hybrid architecture i.e. client/server and peer-to-peer. Client/server architecture is used for user authentication. Peer-to-peer communication was implemented using multicasting. The benefit for this prototype is multi diverse users can be connected without necessary needs for a Web-server. This paper also describes the extended the three-tier architecture, the prototype implementation and some result for the performance of the Web browser.
Introduction
CSCW or "Computer-Supported Cooperative Work" is the study of how people work together using computer technologies. Examples of CSCW include the use of email, videoconferencing, chat systems, and real-time shared applications, such as collaborative writing or drawing. CSCW can be broadly divided into two categories: synchronous and asynchronous. The former, such as videoconferencing and collaborative drawing, supports people who work together at the same time while the latter, such as emails and newsgroups, supports people who coordinate their efforts across a period of time. The term groupware refers to the technology that enables people work together, whereas CSCW the field that studies the use of that technology.
Computer Supported Cooperative Work (CSCW) applications have the potential to provide the environment needed for groups of diverse 1 users to jointly accomplish their goals by sharing applications and data, and exchanging messages (Matta et al., 1997) . However, CSCW have faced a number of issues that have been reported by many different authors:
-the applications are supported only for limited sets of users and limited range of platforms (Chaun, 1999; Bentley et al., 1997; Dix, 1996) , -the applications are not scalable Zabele et al., 1994) , -the applications require adequate performance and bandwidth to the users (Ingvaldsen et al., 2000; Hallin et al., 1999; .
In other words, a CSCW application has three main requirements:
-to support diverse user interactions and data types, -to be scalable and flexible, -to offer high performance.
Recently, studies on CSCW have considered deploying the WWW because the widely available connection and software provides an attractive platform for developing CSCW applications (Bergman and Baker, 2000; Lee et al., 2000; Bouras et al., 1999) . A number of CSCW applications have been implemented using the WWW. For examples, GroupWeb (Greenberg and Roseman, 1996) and CoWare (Lee et al., 2000) have used the WWW as shared workplaces; and AISA (John Riedl et al., 1997) have used the WWW for asynchronous software inspection. Although WWW technology is insufficient in several areas (stateless client/server architecture and has insufficient support for synchronous communication), it has the potential to become the primary infrastructure for network computing (Bouras et al., 1999) .
The most used communication method in distributed applications such as CSCW is unicasting. If unicasting needs to be extended for group-oriented applications, the sender(s) must create and transmit a separate copy of each packet for every recipient. This mechanism is not efficient if a large amount of data or time-sensitive data is transmitted to multiple recipients (Labonté and Srinivas, 2000) .
According to Maihöfer (2000) , multicasting is an efficient communication technique to save bandwidth for group communication purposes. In other words, multicasting allows more efficient use of network bandwidth compared to unicasting because a sender only need send one packet in the network for multiple receivers in the networks simultaneously. Multicasting also given better scalability by allowing any user to join or leave the group session at any place and at anytime (Deering, 1990 ).
There are relatively few studies of collaborative work in Web-based multicast. Little research has been done on these issues in the context of collaborative groupware applications. This paper proposes Web-multicasting as one of the solutions to address the requirement for CSCW applications. Web-multicasting is a concept that use a standard Web-browser to communicate between multiusers. A prototype of CSCW application, Web-multicast Chat System has been developed to test the capability and suitability of Web-multicasting to support collaborative work on web. The prototype was developed using the Java language. The system was implemented using hybrid architecture i.e. client/server and peer-to-peer. Client/server architecture is used for user authentication. Peerto-peer communication was implemented using multicasting. The benefit for this prototype is multi diverse users can be connected without necessary needs for a Web-server.The rest of the paper is organised as follows. Section II explained the related work. Section III describes the implementation of CSCW application in Web-multicasting. Section IV describes the implementation of the system and some result. Lastly, in Section V explains the conclusion and future work.
RELATED WORKS
In this section, we briefly review several related works the use of web browsers in different applications. These works were reviewed because they used the WWW and web browsers for synchronous distribution of information to multiple users.
The Multicast Backbone (MBone) (Erikson, 1994) , the set of multicastcapable routers on the Internet, provides the infrastructure for efficient multipoint data delivery in the Internet. mMosaic (Dauphin, 1996) was one of the first tools for sharing web documents over the MBone. mMosaic is based on a modified version of the NCSA Mosaic browser, which processes incoming resources and multicasts them along with formatting instructions.
WebCanal (Liao, 1997 ) is a proxy-based synchronous browser program written in Java. Changes in the current URL displayed by the master browser are detected by a proxy, which parses files to identify inline image, and transmits the data to the set of receivers. Since WebCanal operates only as a proxy, local control operations (such as Back and Forwards browser commands, and loading of local files) present difficulties. mWeb (Parnes et al., 1997) is an ongoing project that uses the web browser as a multimedia slide presentation medium. mWeb is similar to WebCanal in that it is proxy-based and uses IP multicast to distribute web resources. Shin (1997) has extended the World Wide Web architecture to include protocols, addressing scheme, and page format to merge multicast capability into the Web using the HotJava protocol handler. Previous work has been extended by and by integrating other protocols to allows Web users to join a session and receive audio/video seamlessly.
In summary, there are many ways to implement a synchronous web browser. Dauphin (1996) and Parnes et al. (1997) system work only with NCSA X Mosaic browser, which prevents the use of other browsers such as Netscape Communicator and Netscape Explorer. This limitation means the application cannot be used widely. Liao (1997) , Parnes et al. (1997) , and have removed the platform dependency by using the Java language to develop their applications on the WWW.
Although, much work has been done on Web browser, most has concentrated on real-time stream transmission using multicasting on the WWW. Little discussion has been found regarding cooperative works such as CSCW applications on the Web-browser. Thus, this paper has developed a prototype of Web-multicast browser that will be eased to use as an efficient environment for the CSCW applications. U s e r A u t h e n t i c a t i o n a n d J o i n i n g t h e G r o u p S e n d i n g a n d r e c e i v i n g r e l i a b l e D a t a g r a m ( c l i e n t ) ( c l i e n t )
IMPLEMENTATION OF CSCW APPLICATION

Web-multicasting Architecture
Fig. 1. Extended three-tiered architecture
The three levels of three-tiered architecture, generally used for most of the Web-server (Bouras et al., 2000) . However, the architecture is not suited for collaborative web-multicasting because the three-tiered architecture only supported client-server architecture. This paper has extends the three-tiered architecture, so that it also supports multicasting communication between clients directly without referring to the web-server (see Figure 1. The benefits for the extended architecture are:
-Reduced request traffic for the hot pages being multicast.
-Reduced bandwidth consumption on the link from the server to the network. -Reduced bandwidth consumption within the network as a result of the bandwidth aggregation inherent in IP multicast routing. -Reduced server processing since the server will maintain fewer and shorter TCP connections with individual clients.
Application Protocols
Amongst the multicast protocols that exist, there are several in particular that deals with scalability, reliability, real time constraints, quality of service, and session management. There a number of multicast protocols such as Hierarchically Partitioned Reliable Transport Protocol(HPRTP) (Chen, 1999) , Real Time Streaming Protocol (RTSP) (Columbia et al., 1998) , Scalable Reliable Multicast(SRM) (Floyd et al., 1997) , Real Time Transport Protocol (RTP) (Schulzrinne et al., 1997) , Real Time Control Protocol (RTCP) (El-Marakby and Hutchison, 1998), Session Announcement Protocol and Session Description Protocol (SAP/SDP) , and Light-weight Reliable Multicast Protocol (LRMP) (Liao, 1998) .
This paper has chosen the Light-weight Reliable Multicast Protocol (LRMP) (Liao, 1998) for the development of the system. LRMP is intended to offer reliable and source ordered data delivery service for group communications. It was designed to work in heterogeneous network environments and support multiple data senders. A random expanding probe scheme is adopted for local error recovery so that no prior configuration and no router support are required. Subgroups are formed implicitly and have no group leaders. A flow and congestion control mechanism is included to fairly share the network bandwidth with other data flows.
Implementation
The prototype has been developed using Java programming language to take advantage of it's platform-independent capability. Developing applications using multicast technology disassociates it from the need of a central server, thus preventing the situation of paralysing the whole system when the server breaks down. The system is built as a Java applet by implementing the security. This prototype was used protocol LRMP that provides a good choice for multicast environment.
The users need to access the Web-server for joining the group discussion. It will give advantage to the diverse users to join the discussion from anywhere. The users also can be connected without accessing the Web server by having the application inside their PCs. Since the application was built using the Java language, so it gives the advantage to execute from any platforms. Once the users connected, they can communicated each others. Figure 2 shows the user name entry and Figure 3 shows the appearance of the Web-multicasting Chat System. 
Some Result
Some result for comparison has been done to show the efficiency of Web-multicasting. Figure 4 shown the effect of size reliable datagram to the delay time at the receivers side. It was shown that the delay time is reducing gradually by the increasing of size datagram. Figure 5 shown the effect number of client or receiver to the time delay. It shown that the delay time is increasingly gradually same as increasing the number of users. This test has been done one subnet of network, as a result that the datagram was sent simultaneously. All the testing has been done using Windows XP operating system and Internet Explorer. Pentium III with speed 500MHz and 750MHz has been used. The next testing will be done in Local Area Network and small Wide Area Network.
CONCLUSION
CSCW applications have the potential to provide the environment needed for groups of diverse users to jointly accomplish their goals by sharing applications and data, and exchanging messages (Matta et al., 1997) . However, CSCW faces a number of issues includes availability, portability, familiarity, scalability, bandwidth, and performance. This paper has proposed the used of Web-multicasting to address above issues. This paper describes the use of Web-multicasting to address these issues. Web-multicasting is a concept that use a standard Web-browser to communicate between multi-users. The web-browser will use multicasting methods, so that no Web server is necessary needed. A prototype Web-multicast Chat System has been developed to test the capability and suitability of Web-multicasting to support collaborative work on web. The prototype was developed using the Java language. The system was implemented using hybrid architecture i.e. client/server and peer-to-peer. Client/server architecture is used for user authentication. Peerto-peer communication was implemented using multicasting. The benefit for this prototype is multi diverse users can be connected without necessary needs for a Web-server.
The prototype has been developed on the Web-multicasting as interest of this paper to test the suitability of Web-multicasting for CSCW applications. This paper has proposed extension for the three-tier architecture, so that it can be use for multicasting communication between clients directly without necessary needs of the web-server. This prototype has been developed using the Java language.
Some experiments has been done to show the performance of Web-multicasting to support CSCW applications. The test has been done using Windows XP operating system and Internet Explorer. Pentium III with speed 500MHz and 750MHz has been used. From the result, it has shown that Web-multicasting has the potential to support the CSCW applications. For future testing will be done in Local Area Network and small Wide Area Network.
